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Background

• P802.3ch included informative Annex 149C Tx Function to Rx 
function channel characteristics to provide direction on ECU 
design to facilitate proper operation of the link

• We are proposing informative Annex 165A Tx Function to Rx 
function channel characteristics to do the same, with the 
addition of the test points as defined in 802.3cy Test Fixture 
Considerations

• This presentation provides a proposal for the informative Annex 

Wienckowski_et_al_3cy_01a_11_09_21.pdf 2

https://www.ieee802.org/3/cy/public/oct21/diminico_et_al_3cy_01b_10_12_21.pdf
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Annex 165A
(informative)
Tx function to Rx function channel characteristics
165A.1 Overview
Annex 165A provides information on insertion loss and return loss parameters of the channel defined
between Tx function and Rx function illustrated in Figure 165A–1.  Table 165–y1 describes the test points illustrated 
in Figure 165A–1.  See Figure 165A–2 for TP2 and TP3 test points.

Figure 165A–1—Channel Tx function to Rx function
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165A.2 TP2 to TP0 and TP3 to TP5 reference insertion loss
The recommended maximum insertion loss from TP2 to TP0 and TP3 to TP5 including the test fixture is shown in 
Figure 165A-2.  Figure 165A-2 includes the host PCB, a mated connector pair, and the HTF reference insertion 
losses.  All losses shown are at 7031.25 MHz.

Figure 165A–2—TP2 to TP0 and TP3 to TP5 reference insertion loss
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165A.2.1 Host PCB trace loss
The recommended maximum insertion loss for the Host PCB is determined using Equation (165A–1) and illustrated in 
Figure 165A–1. The recommended printed circuit board trace insertion loss is based on a 76.2 mm trace length. The 
recommended maximum insertion loss is 1.871 dB at 7031.25 MHz.

where
f is the frequency in MHz; 10 ≤ f  ≤ 9000

The recommended minimum insertion loss for the Host PCB is determined using Equation (165A–2) and illustrated in 
Figure 165A–1. The recommended printed circuit board trace insertion loss is based on a 25.4 mm trace length. The 
recommended minimum insertion loss is 0.624 dB at 7031.25 MHz.

(165A–1)

(165A–2)

where
f is the frequency in MHz; 10 ≤ f ≤ 9000

𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 ≤ 𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 = 0.09144
𝑓𝑓

1000
+ 0.51054

𝑓𝑓
1000

0.45

𝑑𝑑𝑑𝑑

𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 ≤ 𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 = 0.03048
𝑓𝑓

1000
+ 0.17018

𝑓𝑓
1000

0.45

𝑑𝑑𝑑𝑑

Note:  It is understood that 10 MHz may not be the preferred minimum frequency; however, as this is the 
approved minimum frequency for the link segment IL and RL it has been used here as well.
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165A.3 TP0 to TP5 channel insertion loss

The channel insertion loss from TP0 to TP5 is determined using Equation (165A-3), Equation (165A-4), and 
Equation (165A-5).

(165A–3)

(165A–4)

(165A–5)

where
f is the frequency in MHz; 10 ≤ f ≤ 9000 for Equation (165A-3), Equation (165A-4), and 
Equation (165A-5).

𝐼𝐼𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓 ≤ 2 × 𝐼𝐼𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑓𝑓 + 2 × 𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓 + 𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑓𝑓 𝑑𝑑𝑑𝑑

𝐼𝐼𝐼𝐼𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓 ≤ 0.1
𝑓𝑓

2500
𝑑𝑑𝑑𝑑

𝐼𝐼𝐼𝐼𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑓𝑓 ≤ 0.00135 𝑓𝑓 + 0.3564 𝑓𝑓 0.45 + 0.495
𝑓𝑓

7500

6

𝑑𝑑𝑑𝑑
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The 25GBASE-T1 PHY (or one lane of a 50GBASE-T2 or 100GBASE-T4 PHY) utilizes 4-level pulse amplitude 
modulation (PAM4) transmitted at 14 062.5 MBd. Table 165A–1 shows the recommended maximum insertion losses 
for the channel and channel components at the Nyquist frequency for this PHY.

Table 165A–1—TP0 to TP5 Channel insertion loss

PHY Rate
MBd

Nyquist 
Frequency

(MHz)

ILPCBmax
(dB)

ILLinkSegment
(dB)

ILMDI connector
(dB)

ILchannel
(dB)

25GBASE-T1 14 062.5 7031.25 1.871 29.02 0.168 33.098
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165A.4 Channel return loss 
The channel topology between Tx function and Rx function illustrated in Figure 149C–2 consists of the Tx function to 
MDI, the link segment, and the MDI to Rx function. The channel return loss can be modeled as a concatenation of the 
Tx function to MDI return loss, the link segment return loss, and the MDI to Rx function return loss.

Figure 165A-3: Tx/Rx function channel topology

Example implementations for the Tx function and Rx function to MDI topologies are as shown in Figure 149C-3 and 
Figure 149C-4.  For Clause 165 PHYs, the informative values for components are given in Table 165A-2.

Table 165A–2—Analysis parameters and values
Element Unit Minimum Nominal Maximum

RT Ω 45 50 55

ZO Ω 45 50 55

CT pF — TBD —

LP µH — TBD —

CP pF — TBD —

CESD pF — TBD —

CAC nF — TBD —

For additional information on modeling the return loss, See Annex 149C and TX/RXCHANNEL LOSS 
ANALYSIS , H Kadry, Sept 2019 in P802.3ch. 

https://www.ieee802.org/3/ch/public/sep19/Kadry_3ch_01_0919.pdf
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165A.5 Coupling between ports on multiport designs 
When multiple MultiGBASE-T1 lanes/PHYs are implemented on the same board, care should be taken to avoid 
coupling between ports. The coupling between adjacent ports on a multiport MDI connector or between adjacent 
balanced pairs is recommended to be approximately the same level, but no greater, than that specified for TBD
crosstalk specified in Equation (165–TBD).



Questions?
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Proposed Motions
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Motion #a

• Move to adopt Annex 165A introduction text on slide 3 of 
Wienckowski_et_al_3cy_01_11_09_21.pdf with editorial license to 
implement.

• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent
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Motion #b

• Move to adopt updated text for reference insertion loss in Annex 
165A.2 on slide 4 of Wienckowski_et_al_3cy_01_11_09_21.pdf with 
editorial license to implement.  (Changes to previously approved text 
are shown with blue highlight.)

• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent

Wienckowski_et_al_3cy_01a_11_09_21.pdf 13



Motion #c

• Move to adopt 165A.2.1 Host PCB trace loss text on slide 5 of 
Wienckowski_et_al_3cy_01_11_09_21.pdf with red text in an Editor’s 
Note and with editorial license to implement.  

• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent
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Motion #d

• Move to adopt 165A.3 TP0 to TP5 channel insertion loss text on slides 
6 & 7 of Wienckowski_et_al_3cy_01_11_09_21.pdf with editorial 
license to implement.  

• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent
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Motion #e

• Move to adopt 165A.4 Channel return loss text on slide 8 of 
Wienckowski_et_al_3cy_01_11_09_21.pdf with with red text in an 
Editor’s Note and editorial license to implement.  

• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent
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Motion #f

• Move to adopt 165A.5 Coupling between ports on multiport designs 
text on slide 9 of Wienckowski_et_al_3cy_01_11_09_21.pdf with 
editorial license to implement.  
• M:  Natalie Wienckowski
• S:    Haysam Kadry
• Technical (>=75%)
• A:    D:    A:
• Motion Passed/Failed by unanimous consent
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